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Abstract The near-continuous record of the New
Zealand terrestrial flora since the landmass broke
away from Gondwana provides an excellent oppor-
tunity to assess the history of the pteridophyte flora
in the region. A database of all published records
of fossil ferns from the late Cretaceous onwards is
presented, along with references to original reports.
This compilation provides evidence for the time of
arrival for fern lineages, continuity of their presence,
and times of radiation, thereby greatly assisting
the reconstruction of the history and biogeography
of ferns in the region. Additionally, it provides a
valuable source of lineage age estimates, which are
required to calibrate the molecular clock for much
needed molecular studies on pteridophytes.
Keywords fern; pteridophyte; fossil record; index;
lineage; age estimates; biogeography; late Creta-
ceous; Cenozoic; New Zealand
INTRODUCTION
Of several studies of the history and biogeography
of New Zealand's flora, only a few have consid-
ered the fossil record of ferns, which comprise a
major component of the present and past New Zea-
land biota (e.g., Lovis 1959; Mildenhall 1980; Pole
1994; Brownsey 2001; Winkworth et al. 2002).
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Biogeographic and phylogenetic analyses of living
pteridophytes, as well as the record of macrofossils
and spores, indicate that many fern families evolved
and diversified after the break-up of Gondwana (e.g.,
Collinson 2001; Parris 2001; Skog 2001; Lovis
2003; Pryer et al. 2004; Schneider et al. 2004). Spe-
cies in these families, as well as several angiosperm
families with a suggested similar evolutionary his-
tory, are now distributed on widely separated conti-
nents, particularly in the Southern Hemisphere. Both
vicariance, a process through which continuously
distributed taxa are fragmented by geological or cli-
matic changes of the earth surface (Kato 1993), and
long-distance dispersal have been suggested as pos-
sible mechanisms to explain this (see and compare
Lovis 1959; Pole 1994; Macphail 1997; Winkworth
et al. 1999, 2002; McGlone et al. 2000; Wolf et al.
2001). The fossil record of ferns in the New Zealand
region indicates a diverse, rich, and near-continuous
pteridophyte flora for the past 85 million years (and
probably since the Jurassic). That the fern flora has
undergone major changes through time is also ap-
parent, but no comprehensive investigation of these
changes has been carried out.
There have been previous reviews on first occur-
rences and/or ranges of present plant taxa (including a
small number of ferns) in New Zealand (e.g., Milden-
hall 1980; Macphail 1997). However, references in
those reviews are incomplete and much new informa-
tion has come to light since those studies were carried
out. Collinson (2001) published a comprehensive
review of Cenozoic ferns and their distribution world-
wide (with an emphasis on macrofossils). However,
in this review she included only three references to
the diverse New Zealand fern flora.
This paper includes a summary of all published
records of fern micro- and macrofossils in the New
Zealand region for the past 85 million years (M yr).
The identifications and age determinations are sum-
marised as recorded by the original authors. The data
will provide a foundation for studies in different
fields that aim to increase the understanding of the
history, phylogeny, and biogeography of extant ferns
in the New Zealand region.
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Table 1 Summary of the New Zealand fossil record of pteridophytes from the Late Cretaceous onwards.
Cr, Cretaceous; Pal, Paleocene; Eo, Eocene; Oli, Oligocene; Mio, Miocene; Pli, Pliocene; Ple, Pleistocene; H, Holocene;
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the respective fern in that time period. Bold and underlined numbers include macrofossil records. No digits in any
column implies that no fossils of the respective extant family or genus have been recorded. *, taxa that are extinct, not
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Hymenophyllum H. sp. (demissum-flexuosum gp.)
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Adatabase of all fossil records of ferns (macrofossils
and spores) in New Zealand was compiled from pub-
lished literature and some in press and unpublished
sources. With the history of the extant fern flora in
mind, the late Cretaceous, c. 90 million years before
present (M yr BP), was chosen as a starting point of
this database. By c. 100 M yr BP, many Mesozoic
lineages had become extinct, and from the Late Cre-
taceous it becomes easier to assign spores to extant
fern taxa (e.g., Hill & Jordan 1998; Nagalingum
et al. 2002). Moreover, New Zealand broke away
from Gondwana c. 85 M yr BP; thus, the database
covers the period after which New Zealand became
a separate biogeographical region (Sutherland 1999
and references therein; Lee et al. 2001).
As part of the Species 2000 project, great ef-
forts have been made to produce an electronic
list of all known extinct and extant species in the
world (http://www.sp2000.org). Three workers
have produced the section on pre-Pleistocene fern
macro- and microfossils of New Zealand (Pole (in
Breitweiser et al. in press) and Raine & Mildenhall
(in Breitweiser et al. in press), respectively). These
authors kindly allowed their records, which are
awaiting publication, to be used in the compilation
of this database.
The database includes more than 3300 occur-
rences of fern macro- and microfossils as recorded
in 112 references. The oldest reference is Etting-
shausen (1891), but most references are post 1960.
Using Microsoft Excel, each fossil occurrence was
documented for the time period recorded in the
references.
We provide a summary of all fern fossil records
in New Zealand from the late Cretaceous onwards
(Table 1). In this table each row refers to one taxon
and the number of records per time period is noted.
The references for these records are numbered in
the "Reference" column and included as Appendix
1. When macrofossils are included in one or more
of the records, the relevant digit is printed in bold
and underlined.
















































Taxa are arranged under the following groups:
fern allies, true ferns, and records of unknown af-
finity. Within these groups, taxa are listed alphabeti-
cally by family, genus, and species. Form-taxa that
have a probable or known affinity with a certain
modern taxon are included under that taxon. The
form-taxa are then listed in the "Recorded Genus/
Species" column(s), with the affinity in the "Modern
Family/Genus/Species" column(s). The taxa are
shown as recorded by the original author, includ-
ing "aff.", "cf.", or "?" where appropriate. These
represent records of a spore/macrofossil with affin-
ity to or comparable to a known (form) taxa, or a
spore/macrofossil possibly identifiable as a certain
taxon, respectively. In this condensed version of the
data, these records are combined (as shown in the
appropriate columns).
The nomenclature used in the original reference
is updated where currently accepted names (follow-
ing Brownsey & Smith-Dodsworth 2000) could be
unequivocally determined. In that case, the original
name is cited in the "Recorded Genus/Species"
column(s). This is not always possible; for example,
when the old name has been split into two or more
new names, in which case the original name is still
used in the "Modern Genus/Species" column(s).
In the original references, the time range for each
fossil record was given in terms of New Zealand
stages or international time series. For incorpora-
tion in the database, the New Zealand stages were
all transferred to the international timescale using
the latest version of the New Zealand geological
timescale (Cooper 2004). If records were given in
terms of both New Zealand stages and international
time series and this combination was incongruent
with Cooper (2004), the New Zealand stage noted
was then reassigned to the international time period
according to the new timescale. The data are sum-
marised as recorded by the original author, and care
should therefore be taken regarding inconsistencies
and out-of-date stratigraphic information and iden-
tifications.
The summary presented here (Table 1) is the ab-
breviated version of the electronic data (in Microsoft
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Excel format), which is available on http://www.
otago.ac.nz/geology/databases and from the authors
on request. More detail can be obtained from this
electronic version where each fossil record men-
tioned in all references is included as one row. This
shows the appropriate time interval for each fossil
taxon as well as the geographical ranges in which the
fossils were found. The bibliographical references to
the affinities of the form-taxa are also provided. This
electronic version is the recommended way of using
the data, since searching, sorting, adding, amending,
and deleting taxa may be readily carried out.
DISCUSSION
This study provides the first complete and compre-
hensive review of the late Cretaceous-Cenozoic fern
fossil record of New Zealand. The database should
form the foundation of future studies on the history,
biogeography, andphylogeny of New Zealand ferns.
It provides minimum estimates for times of arrival
and/or origin of lineages in the region, which should
greatly increase our understanding of the biogeog-
raphy of ferns.
For example, Brownsey (2001) suggested that
ferns are plants of ancient lineage, but that "most
pteridophytes have arrived in New Zealand rela-
tively recently, by long-distance dispersal". This
hypothesis can now be re-assessed with the use of
the above up-to-date fossil information (Cieraad
2003).
The database shows that 11 of the 23 extant
families with a fossil record have been in the New
Zealand region since the late Cretaceous, while
eight families have probably arrived since Miocene
times (Table 2). Most modern species have appeared
in the known fossil record since the early to late
Miocene as shown by the presence of their spores
in the fossil record, although morphologically very
similar spores may have been present for much
longer periods (Table 1; Polypodiaceae, Microso-
rum pustulatum). That the Miocene is a significant
transition period is evident in the database (Table 1 ),
where spores which are possibly related to ("aff.",
"cf.") now become indistinguishable from their
modern equivalent. This could be an artefact caused
by researcher conservatism (i.e., not wanting to at-
tribute a fossil spore >20 million years old to a living
species), or by actual morphological differences in
the spores relating to species evolution.
The database also provides a valuable source for
age estimates of lineages that are needed to calibrate
molecular dating studies. For example, a recent
study on molecular data of temperate Australasian
Polystichum ferns (Perrie et al. 2003) has found that
the genus probably arrived in New Zealand through
trans-oceanic dispersal from Australia within the last
20 million years. These authors noted that, in all
likelihood, the arrival occurred much more recently
than the 20 M yr estimate. The New Zealand fossil
record (Table 1, Dryopteridaceae, Polystichum sp.) is
in line with the findings of Perrie et al. (2003), with
the first appearance of the family in the late Miocene
(c. 11-6 M yr BP) (rather than in the Quaternary as
stated by Mildenhall (1980)).
It should be kept in mind that the oldest fossil
record of a taxon gives only a minimum estimate of
its age and may not always be a good approximation
of the length of time the taxon has actually existed
(e.g., Moran & Smith 2001). As Pole (2001) pointed
out, the accuracy of first appearances depends on the
Table 2 Appearance of extant New Zealand fern families in the fossil record since the separation of New Zealand
from Gondwana. *, also present prior to 85 M yr BP.
Time period Family
Late Cretaceous








Blechnaceae*?, Cyatheaceae*, Dicksoniaceae*, Gleicheniaceae*, Hymenophyllaceae,




Aspleniaceae, Davalliaceae, Dryopteridaceae, Grammitidaceae, Isoetaceae, Marsileaceae,
Ophioglossaceae
Azollaceae, Oleandraceae
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"length of time over which an organism is found as
a fossil and the number of fossiliferous horizons
[that have been studied] within that period". Gaps
in the fossil record can be caused by differences in
preservation of sedimentary environments. First
appearances should therefore be seen in the light of
the number of gaps in the records, and increasing
data should usually reduce the confidence limits on
these appearances (Pole 2001). Similarly, apparent
discontinuities are not always an indicator for the
interruption of in situ lineages and new long-distance
introductions (Winkworth et al. 1999).
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